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达到 83 mAh/g，经过 200 圈循环后容量保持率达到 92%。 
通过水热法成功制备质子取代的Li2MnO3材料，对其合成条件和化学式进行
研究确认。结果表明，以MnOOH为前驱体、(NH4)2S2O8为氧化剂，在 1.0 M LiOH
条件下经过 180 ˚C水热处理 24 h制备的材料具有较好的电化学性能。在电流密
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材料进行高温热处理，结果表明，随着热处理温度的提高，出现尖晶石相，提高
了材料的循环稳定性，如热处理温度 700 ˚C所制备的材料，首次放电比容量 148 








0.75 时，材料具有 优比功率和比能量，放电电流密度 4000 mA/g，能够获得 1147 
Wh/kg高比能量和 8998 W/kg高比功率。目前尚未见氟化碳可充性研究报道，本
论文首次对氟化多壁碳纳米管材料进行充放电性能研究，在充放电电压范围为
1.0-5.9 V、电流密度为 40 mA/g条件下，观测到属于氟化碳材料的放电平台(约







度。电化学数据表明，在电流密度为 40 mA/g，氟化温度为 550 ̊C时所制备的材
料能够获得 高比能量(1724 Wh/kg)；在电流密度为 2000 mA/g，氟化温度为 500 




















Lithium-ion batteries are characteristics of high specific energy, high average 
working voltage, and long cycle life, and therefore have been widely used in portable 
electronic products and also expected to find a prominent role as ideal electrochemical 
storage systems. The layered lithium cobalt oxide is the main cathode material for 
present commercial lithium-ion batteries. However, due to the limited reserve of 
cobalt resources, and its unsafety under high-current charge-discharge and high 
temperature, it is necessary to develop new cathode materials with better performance. 
Compared to the cobalt-based and nickel-based materials, manganese-based materials 
are more attractive because of its safe, non-toxic, and low-cast properties. In addition, 
the conventional lithium-ion batteries are based on Li+ deintercalation between the 
positive and negative electrodes, this process limits the maximum of one Li+  
transfer per formula, this greatly limiting the specific capacity of lithium-ion batteries. 
Significant increases in performance require radical changes in the fundamental 
electrochemical process, such as a conversion chemistry which may basically assure 
operation implying multi-electron transfer. In this thesis, lithium manganese oxides 
with the insertion reaction and fluorinated carbon with the conversion reaction have 
been synthesized and studied. The main results are summarized as follows: 
A spinel LiMn2O4/C composite was directly synthesized by hydrothermally 
treating a precursor of manganese oxide/carbon composite in 0.1 M LiOH solution at 
180 °C for 24 h, where the precursor was prepared by reducing potassium 
permanganate with acetylene black. The precursor manganese oxide/carbon 
composite was then annealled under O2 atmosphere to remove acetylene black 
template, obtaining a hollow MnO2 sphere. The composite has a structure of tens of 
nanometers of MnO2 covering on the remaining C as evidenced by SEM and TEM. 
The acetylene black in the precursor composite has duel roles, i.e., it serves as a 
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hydrothermal process, and the remaining acetylene black help to improve the 
electronic conductivity of the composite. The electrochemical performances of the 
LiMn2O4/C composite were also investigated and delivered a discharge capacity as 
high as 83 mAh g-1 at a current density of 2 A g-1 and the capacity remaining 92% 
after 200 charge/discharge cycles. 
Li1.59H0.41MnO3, a Li2MnO3-type cathode material was synthesized by 
hydrothermally treating an amorphous MnOOH in LiOH and (NH4)2S2O8 aqueous 
solution. The Li1.59H0.41MnO3 cathode showed a high discharge capacity of 257 mAh 
g-1 at 20 mA g-1 (4.8-2.0 V), but the cyclic performance of Li1.59H0.41MnO3 electrode 
is poor. In order to improve its cycling stability, the Li1.59H0.41MnO3 was annealled, 
obtaining a Li2MnO3-LiMn2O4 compound which delivered a capacity of 148 mAh g-1 
and the capacity unchanging after 15 cycles. 
The synthetic reactor for synthesizing fluorinated carbon nanotubes was 
successfully designed and produced. The systematic research covered the technique of 
synthesizing the material by vapor phase method and the essential technical factor 
under different temperature and time. The different samples produced were 
characterized by XRD, SEM, TEM, FTIR, Raman, 13C SS-NMR, and 19F SS-NMR 
techniques. The comparison between various parameters allows determining the 
fluorination mechanism. Fluorine was intercalated into the outer part of the carbon 
nanotubes where grapheme layers were coaxial in a distance of 0.590 nm. In contrast, 
the inner part of the carbon nanotubes was not intercalated. The electrochemical 
discharge as a cathode for primary lithium battery has been investigated. The sample 
with the F/C ratio of 0.75 exhibits the best performances, namely, high energy and 
power densities. The highest specific energy density and specific power density is 
1147 Wh/kg and 8998 W/kg, respectively, at a current density of 4000 mA/g. The 
fluorinated carbon nanotubes were also characterized for the first as a cathode 
material for second lithium batteries. The materials prepared at 350 and 430 ˚C 
showed a discharge plateau at ca. 3.3 V during the second cycle at a current density of 
40 mA/g between 1.0 and 5.9 V. 















from 400 to 550 ˚C. All the samples have been characterized by XRD, SEM, TEM, 
FTIR, Raman, 13C SS-NMR, and 19F SS-NMR. The results suggest that fluorination 
occurs from the external walls toward the core with increasing fluorination 
temperatures. Their electrochemical performances as cathode materials for primary 
lithium batteries have been investigated at room temperature. The sample at 550 ˚C 
re-fluorinated exhibits the best specific energy density of 1724 Wh/kg at a current 
density of 40 mA/g. The sample re-fluorinated at 500 ˚C exhibits the best specific 
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锂是标准还原电位 负(E0=-3.05 V)，密度 轻(ρ=0.534 g/cm3)的金属，以金
属锂作为负极的锂电池具有高的电池电压和能量密度。锂电池的研究历史可以追










锂电池在二次电池中的运用可以追溯到 20 世纪 70 年代，由Whittingham提出，
以金属锂为负极，TiS2为正极，该电池体系具有高的比能量，但是由于锂枝晶的
产生，存在严重安全隐患[3]。这种以锂电池作为二次电池的尝试 终以加拿大Moli 



























捷式电子设备中。如图 1-1 所示，锂离子电池产量以每年 10 亿支速度增加。 
 
图 1-1 锂离子电池在电子消费市场和电动汽车市场销售趋势[7].  
当前，一方面由于化石类能源日益紧缺和石油供应国政治局势不断恶化；另
一个方面使用化石类能源产生的二氧化碳气体而产生的温室效应，如从 1970 年













































  以LiCoO2为正极材料，C为负极，锂离子电池充放电化学反应式如下： 
(-) C︱1 mol/L LiPF6-EC+DMC︱LiCoO2 (+) 
  正极反应：LiCoO2       Li1-xCoO2+xLi++xe-
  负极反应：xLi++xe-+6C       LixC6
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